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INTRODUCTION
Spray-dried plasma protein (SDP) in diets for nursery pigs is known to have beneficial effects on growth, feed intake, and feed efficiency (Coffey and The effect of SDP on sow productivity has been evaluated in recent research. Crenshaw et al. (2007) fed 0 or 0.25% in some studies and 0 or 0.5% SDP in other studies to primiparous or multiparous lactating sows and reported that SDP increased feed intake and reduced the interval from weaning to first estrus in parity-1 sows. They also reported that SDP decreased feed intake in mature sows (parity >2), but increased average pig BW and litter BW at weaning and the number of pigs weaned weighing more than 3.6 kg at weaning. Therefore, the objectives of the study were to evaluate the effects of SDP in lactation diets on primiparous and multiparous sow and litter performance and to determine the effects of the previous lactation diet on subsequent sow productivity through weaning of the next litter.
MATERIALS AND METHODS
The Louisiana State University Agricultural Center Animal Care and Use Committee approved the methods used in this experiment.
Primiparous and multiparous Yorkshire and crossbred (Yorkshire × Landrace or Yorkshire × Duroc) sows from the Louisiana State University Agricultural Center Swine Unit were used in this experiment. Sows were allotted to 2 dietary treatments on d 107 ± 1.2 of gestation on the basis of breed, parity, and their respective d 107 of gestation. The experiment was conducted over 4 farrowing groups with a total of 72 sows from August 2005 to June 2006. There were 21, 18, 14, and 19 sows in groups 1 to 4, respectively. Before allotment to treatments and after weaning, all sows were fed a typical corn-soybean meal gestation diet (Table 1) .
Dietary lactation treatments consisted of a corn-soybean meal control or a corn-soybean meal diet with 0.5% SDP ( Table 1) . The SDP used in this experiment was a granular product composed of animal plasma, serum globulin, animal serum, and lactose (Appetein, APC Inc., Ankeny, IA). Lactation diets were formulated to meet or exceed 105% of the NRC (1998) requirement of lactating sows, with no maternal lactation BW loss anticipated and with pigs gaining 250 g/d. The diets were formulated to contain 1.0% total dietary Lys and were fed from d 107 ± 1.2 of gestation to weaning. All sows, regardless of parity, were fed approximately 2.3 kg/d on entering the farrowing facility until 1 d after parturition. After parturition, sows were fed 3 times per day to attempt ad libitum consumption. If sows had feed remaining in the feeder, no additional feed was provided. After weaning, sows were fed 1.8 kg/d of a common gestation feed (Table 1) until they were bred. During the subsequent lactation, all sows were fed the control lactation diet (Table 1 ) until weaning.
On entry into the farrowing house (d 107 ± 1.2 of gestation), sows were weighed and measured for initial backfat thickness at the 10th rib (Aloka 500V, Aloka Co., Wallingford, CT). Sows were housed in a totally enclosed farrowing facility with 28 individual sow crates and an under-floor flush system. Temperature was moderated with drip coolers and exhaust fans in the summer months and with whole-room heaters for the sows and zoned heating with lights for the pigs in the winter months. Each crate was 1.5 × 2.1 m, with a slotted cast-iron floor for the sow and a slotted plastic floor for the pig. The area for the sow occupied 0.5 × 2.0 m. Each crate contained a stainless steel feeder for the sow and nipple waterer for both the sow and pigs. Within 24 h postfarrowing, litters were weighed, ear-notched, and needle teeth were clipped. Pigs were administered a 1-mL shot of iron dextran (i.m.; Vedco Provided by Prince Agri Products (Quincy, IL). 6 Sixty percent choline chloride.
Dietary plasma protein on sow productivity Inc., St. Joseph, MO), and umbilical cords were clipped and sprayed with iodine (The Butler Co., Dublin, OH). Immediately after processing, pigs per litter were equalized by cross-fostering within respective treatments. Sows were weighed on d 1 postfarrowing and at weaning. Final backfat thickness was measured at weaning.
All pigs were weaned at the same time even though farrowing dates were different. Pigs were weaned at an average age of 19, 19, 20, and 18 d, respectively, for the 4 farrowing groups. After weaning, sows were checked twice daily for estrus. Sows that did not show estrus by d 7 postweaning were considered anestrous. Within the 4 farrowing groups, 3 sows from the control diet and 1 sow from the 0.5% SDP diet did not show signs of estrus by d 7 postweaning.
Sow response variables were initial and final backfat depth and total backfat depth change; sow BW on entry into the farrowing house (the group average d 107 ± 1.2 of gestation), at d 1 postfarrowing, and at weaning; sow BW change from entry into the farrowing house to d 1 postfarrowing, during lactation (d 1 postfarrowing to weaning), and overall (entry into the farrowing house to weaning); ADFI during lactation and overall (d 107 to weaning); days from entry into the farrowing house to farrowing, days of lactation, and days from weaning to first estrus; gestation interval, pigs born alive, pigs born dead, and total pigs born per litter; and live pig BW and litter BW at birth. Litter response variables were number of live pigs after cross-fostering and at weaning; litter BW and average BW of live pigs after cross-fostering and at weaning; pig and litter ADG from cross-fostering to weaning; pigs per litter weighing more than 3.6 kg at weaning; and survival percentage from cross-fostering to weaning.
Statistical Analysis
The data were analyzed as a 2 × 2 factorial arrangement of treatments for the main effects of parity (≤3 or >3) and lactation diet (0 or 0.5% SDP) and the interaction of parity × diet. Data were analyzed by the MIXED procedure (SAS Inst. Inc., Cary, NC). The data were initially analyzed with farrowing group and treatment (in this sense, treatment included the 2 diets and the 2 parity groups in a 2 × 2 factorial) as fixed effects with the treatment × farrowing group interaction in the model. There were no treatment × farrowing group interactions (P = 0.13 to 0.99). Therefore, the data were reanalyzed with treatment as a fixed effect and farrowing group as a random effect. The individual sow or litter was the experimental unit. The covariates of initial sow BW, initial sow backfat depth, days from entry into the farrowing house to parturition, days of lactation, pigs per litter after cross-fostering, and litter BW after cross-fostering were evaluated in the model for appropriate response variables, and if not significant (P > 0.10), they were dropped from the model. The covariates used for specific response variables are indicated in Table 2 . For subsequent sow productivity data after weaning, not all farrowing groups were represented within each dietary treatment × parity group combination because of unintentional sow attrition; therefore, the random effect of the previous farrowing group effect could not be used in the statistical model. Subsequent sow response data were collected on 15 and 18 sows for the control and SDP diets, respectively.
RESULTS AND DISCUSSION
The least squares means for the interaction of parity × diet are presented in Table 2 . The average parities of the young and mature sows were 1.5 and 5.0, respectively, and there was no difference (P = 0.33) in parity of sows between dietary SDP treatments. The effects of parity on the response variables were generally as expected. Mature sows had a greater (P = 0.01) BW at d 107, d 1 postfarrowing, and weaning; greater (P = 0.05) total and lactation ADFI; and greater (P = 0.09) litter BW after cross-fostering, but pig survival to weaning was less (P = 0.08) for mature sows than for young sows.
The main effect of SDP was significant for days to farrowing, number of lactation days, and gestation length. The number of days to farrowing was greater; thus, the number of lactation days was less in sows fed SDP. The average gestation lengths of sows fed the 0 and 0.5% SDP diets were 115.2 and 116.1 d, respectively, and the effect was more pronounced in young sows. We do not know whether the increase in gestation length was a random finding or a direct result of feeding SDP for approximately 7 d. The sows were fed the dietary treatments on entering the farrowing house on d 107 of gestation and within farrowing group; sows were weaned the same day, regardless of farrowing date. It is therefore possible that the SDP could have delayed parturition, but lactation length was dependent on management decisions. Dietary addition of SDP also increased litter BW at weaning and litter ADG (P = 0.09 and 0.03, respectively).
The effect of SDP addition was dependent on sow parity, as noted by numerous SDP × parity interactions (P = 0.01 to 0.09). The addition of SDP to diets decreased total and lactation ADFI in young sows, but SDP tended to increase ADFI in mature sows. The addition of SDP to diets for young sows decreased litter birth weight, pig survival, pigs weaned weighing more than 3.6 kg, and pig and litter ADG, but the addition of SDP increased these response variables in mature sows. The addition of SDP also increased average pig birth and weaning weights and the number of pigs weaned in mature sows, but it had no effect on these response variables in young sows. Total pigs born (10.9 ± 3.0), pigs born alive (9.5 ± 2.8), stillborn pigs (1.4 ± 1.6), and initial (21 ± 5.7 mm) and final (21 ± 5.6 mm) sow backfat thickness were not affected by SDP.
The effect of SDP on ADFI of young and mature sows does not agree with the results of Crenshaw et al. (2007) . We observed a decrease in ADFI in young sows fed SDP and a tendency for an increase in ADFI in mature sows fed SDP. Crenshaw et al. (2007) report the opposite effect (i.e., an increase in ADFI in young sows fed SDP and a decrease or no change in ADFI in mature sows fed SDP). We have no explanation for this difference in ADFI response in our data compared with those of Crenshaw et al. (2007) . Crenshaw et al. (2007) also reported a decreased days to estrus interval in sows fed SDP. We observed no change in days to estrus. The range of average days to estrus in the data of Crenshaw et al. (2007) was 6 to 9 d, whereas the number of days to estrus we reported was approximately 4 d. It would be less likely to further reduce days to estrus from 4 d than to reduce estrus from 6 to 9 d, which is possibly the reason for the conflicting data. Other potential differences in the research of Crenshaw et al. (2007) and the data we report include genetics (PIC and Ausgene vs. Yorkshire, Yorkshire × Landrace, or Yorkshire × Duroc sows), seasonal effects (July, August, and September in the Midwest vs. August to June Values are least squares means of individual sow or litter responses. Treatment × farrowing group interactions were not significant (P = 0.13 to 0.99) and were removed from the model. There was no significant effect (P = 0.44) of group within parity. The covariate, number of days from entry into the farrowing house to farrowing, was significant (P = 0.01) for sow parturition BW change but was not significant (P = 0.17) for sow d 1 postfarrowing BW and was therefore removed from the model. The covariate, days of lactation, was significant (P < 0.01) for number of pigs weaned, litter weaning weight, average pig weaning weight, and survivability; however, it was not significant (P > 0.14) for sow weaning weight, sow lactation BW change, sow overall BW change, days to first estrus, and pigs weaned weighing >3.6 kg and was removed from the model. The covariate, number live pigs after cross-fostering, was significant (P = 0.01) for the number of pigs weaned. The covariate, litter BW after cross-fostering, was significant (P = 0.01) for litter weaning weight. SDP = spray-dried plasma protein. Sow "young parity" is parity ≤3 and sow "mature parity" is parity >3.
in the South), and commercial farm vs. research farm, which may have imposed differences in immune status and disease stress.
Number of pigs weaned and number of pigs weaned weighing more than 3.6 kg was greater in sows fed SDP, but again the response was observed only in mature sows. Crenshaw et al. (2007) observed no effect of SDP on total number of pigs weaned, but in agreement with our data, they reported an increase in number of pigs weaned weighing more than 3.6 kg. Litter BW and average pig weaning weight were greater in mature sows fed SDP, which is in agreement with the report by Crenshaw et al. (2007) . Pig survival was greater in mature sows fed SDP. Crenshaw et al. (2007) did not detect a significant increase in pig survival in sows fed SDP; however, pig survival was numerically greater for mature sows fed SDP. There were no effects of SDP fed during lactation on subsequent postweaning response variables measured until the sow had her next litter (Table 3) .
Our objective was to evaluate the effects of SDP addition in lactation diets on sow and litter performance in primiparous and multiparous sows. Our data suggest that SDP addition to diets for young sows (parity ≤3) had little to no effect on sow productivity, but that SDP addition to diets for mature sows (parity >3) improved sow productivity, including litter BW and average pig BW at weaning, without compromising subsequent sow productivity, which is in general agreement with the data of Crenshaw et al. (2007) . 
